UNCLASSIFIED 
AD  NUMBER 


AD025030 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  NOV  1953. 
Other  requests  shall  be  referred  to  Naval 
Proving  Ground,  Dahlgren,  VA. 


AUTHORITY 

30  Nov  1965,  DoDD  5200.10;  USNWL  Itr,  13 
Apr  1972 


THIS  PAGE  IS  UNCLASSIEIED 


PLEASE  RETURN  THIS  COPY  TO: 

ARMED  SERVICES  TECHNICAL  INFORMATim  AGENCY 
DOCUMENT  SERVICE  CENTER 
Knott  Building,  Dayton  2,  Ohio 

Because  of  our  limited  supply  you  are  requested  to  return 
this  copy  as  soon  as  it  has  seryed  your  purposes  so  that 
it  may  he  made  available  to  others  for  reference  use. 
Your  cooperation  will  he  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 
NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 
OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 
THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 
ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW. 

t 

I 


cry 


U.  S.  NAVAL  PROVING  GROUND 
OAHLGREN,  VIRGINIA 

REPORT  NO.  1200 

LIQUID  PROPELLANTS  FOR  GUNS 
l«t  Partial  Report 

LIQUID  PROPELLANT  GUNS 

|3t  Partial  Task  NPG-Re2d- 1 2- 1-53 

Report  Asaignment  HPG-ReSa-39- 1-53 

Copy  No.33l—  Classification  CONF I PERT  I AL 

SECURITY  IRFORHATIOR 


Reproduced  From 
Best  Available  Copy 


o 


CONFIDENTIAL 


WPG  REPORT  NO,  1200 

Liquid  Propellant  Program 


PART  A 
SYNOPSIS 


1,  The  liquid  propellant  research  program  at  the  Naval  Proving 
Ground  is  presently  concerned  with  the  development  of  prepackaged 
rounds  for  standard  NaVy  guns  and  the  study  of  the  erosion  charac- 
teristics of  liquid  propellants.  The  objective  of  the  tests 
reported  here  was  to  develop  a prepackaged  round  for  the  40mm  gun 
with  ballistic  properties  comparable  to  the  standard  solid  propel- 
lant round.  The  propellant  used  in  the  test  was  a mixture  of 
hydrazine,  hydrazine  nitrate,  and  water. 

2,  The  data  from  143  rounds  includes  a tabulation  of  charge  weight 
and  composition,  mass  ratio,  type  of  primer  stock  and  extension 
tube,  case  assembly  and  free  volume  of  case,  muzzle  velocity,  maxi- 
mum case  pressures  and  pressures  at  ejection,  ignition  delay,  and 
ejection  time.  The  pressure-time  oscillograms  at  two  positions  in 
the  chamber  are  included  for  more  than  90  rounds.  Relations  be- 
tween ignition  delay  and  free  volume,  peak  pressures  and  free  vol- 
ume, velocity  and  free  volume,  and  velocity  and  mass  ratio  are 
presented  graphically, 

3,  The  following  conclusions  are  made  from  the  results  obtained 
on  these  tests: 

a.  The  service  velocity  of  the  40mm  gun  can  be  exceeded  by 

as  much  as  150  f/s  by  the  use  of  the  monopropellant  hydrazine  with- 
out exceeding  the  chamber  pressure  of  the  solid  propellant  service 
charge, 

b.  The  performance  of  such  a liquid  propellant  round  is  of 
sufficient  uniformity  to  be  used  in  studies  of  gun  erosion, 

c.  Only  two  modifications  to  standard  40mm  ammunition  compo- 
nents are  required  for  the  round  developed  in  these  tests.  The 
case  volume  must  be  reduced  and  a special  type  of  primer  extension 
tube  used. 

d.  The  wax  used  in  these  tests  to  reduce  the  case  volume  is 
not  a completely  satisfactory  filler.  A material  which  adheres 
more  firmly  to  the  case  ?/all  will  be  required  for  automatic  load- 
ing of  the  round.  Erosion  studies  under  rapid  fire  conditions  are 
dependent  on  a satisfactory  solution  to  this  problem. 
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e*  The  prospects  of  obtaining  ,a  unifornity  cf  perfornance  for 
the  monopropellant  hydraziho  comparable  to  that  obtained , with  Solid 
propellants  are  encouraging. 

fi  Based  on  the  charge  determined  for  the  AOmja  gun  on  those  ^ 
tests  and  the  available  data  from  other  sources,  the  chamber  vol“* 
unes  of  most  Navy  guns  appear  to  be  25  to  35^  larger  than  required 
for  liquid  propellant  ammunition. 

g.  Ignition  of  the  propellant  is  affected  by  primer  configu- 
ration and  charge,  propellant  composition  and  free  volume  in  the 
case. 

h.  Increasing  the  free  volume  in  the  case  results  in  delayed 
ignition,  increased  burning  rate  and  higher  peak  pressure, 

i.  ^in  increase  in  the  hydrazine  nitrate  content  of  the  pro- 
pellant is  accompanied  by  an  increase  in  burning  rate,  chamber 
pressure  and  nuzzle  velocity,  and  the  production  cf  secondary  pres- 
sure peaks, 

j.  an  increase  in  viator  content  of  the  propellant  is  accom- 
panied by  an  increase  in  ignition  tine,  decrease  in  burning  rate 
and  velocity,  and  a smoothing  of  the  pressure  curve. 
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PART  B 

INTRODUCTION 


1.  AUTHORITY* 

The  tests  reported  here  were  authorized  by  references  (a)  and 
(b)  and  conducted  under  Task  Assignments  NPG-Re2d-12-l-53  and  NPG- 
Re5a-39-l-53. 

2.  REFERENCES* 

a.  BUORD  Itr  NP9-Re5a-FBV^»fl  of  15  July  1952  ' 

b.  BUCRD  Conf  Itr  NP9-He2d-WES*aph  Ser  49271  of  17  Dec  1952 

c.  U,  S,  Naval  Ammunition  and  Net  Depot  Progress  Report 
Nos,  1 through  6 on  Task  Assigment  NAND-13-Ro2d-5lA-l 

d.  Report  No,  17-1,  Jet  Propulsion  Laboratory,  California 
Institute  of  Technology 

c.  NAVORD  No,  2255 

f,  NAVORD  No.  2563 

3.  BACKGROUND* 

Reference  (a)  established  Task  Assignment  NPG~Re5a-39-l-53  to 
study  erosion  characteristics  of  liquid  propellants  in  guns,  and 
authorized  the  use  of  funds  under  this  task  in  the  development  of 
a prepackaged  liquid  propellant  round.  Task  Assignment  NPG-Re2d- 
12-1-53  was  established  by  reference  (b).  The  objective  of  this 
task  was  to  develop  a prepackaged  monopropellant  hydrazine  round 
for  the  40mm  gun  and  to  test  its  performance  in  automatic  fire. 
Combining  the  objectives  of  the  two  tasks,  the  liquid  propellant 
program  at  the  Naval  Proving  Ground  is  directed  toward  the  develop- 
ment of  a prepackaged  round  which  can  be  used  under  rapid  fired 
conditions  to  study  the  erosion  characteristics  of  a liquid  pro- 
pellant. 

In  addition  to  being  adaptable  to  automatic  loading  the  follow- 
ing requirements  have  been  laid  dov«i  for  this  round* 

a.  The  velocity  and  pressure  reproducibility,  storage  life, 
and  temperature  rdnge  should  be  equal  to  solid  propellant  ammu- 
nition* 
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b.  A velocity  equal  to  or  surpassing  the  standard  solid  pro- 
pellant round  should  be  obtained  without  developing  excessive  preS' 
sures  at  any  point  along  the  gun  barrel, 

c.  The  erosion  rate  should  be  less  than  that  for  a comparable 
solid  propellant  round, 

d.  The  above  results  should  be  obtained  with  a minimum  of 
modifications  to  existing  ammunition  components, 

A standard  40mm  barrel  was  chosen  as  the  test  weapon,  because 
a gun  of  this  size  is  relatively  convenient  to  handle  and  instru- 
ment, and  because  it  provides  a convenient  weapon  for  testing 
rounds  under  rapid  fire, 

4.  OBJECT  OF  TEST* 

The  object  of  the  tests  was  to  develop  a prepackaged  monopro- 
pellant hydrazine  round  for  the  40mm  gun  with  ballistic  properties 
comparable  to  the  standard  solid  propellant  round, 

5,  PERIOD  OF  TEST* 

This  report  covers  firings  conducted  between  30  July  1952  and 
31  January  1953« 


PART  C 


DETAILS  OF  TEST 


6.  DESCRIPTIONS  OF  ITEM  Uf©ER  TEST* 

The  liquid  propellant  used  in  these  tests  was  a mixture  of 
hydrazine,  hydrazine  nitrate  and  water.  Hydrazine  nitrate  consti- 
tuted 12,0?6  to  22,6J5  and  Water  4,3^  to  I05S  of  the  propellant.  The 
composition  of  each  round  is  given  in  Table  I of  Appendix  (B), 
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7.  DESCRIPTION  OF  TEST  E(<UIPMENTx 

The  firings  were  conducted  in  a 40mm  Mk  A Mod  1 barrel  mounted 
in  a 6 pdr  mount  I\flc  VII,  Mod  1.  The  barrel  and  mount  were  modified 
to  receive  dynamic  pressure  gages  in  the  chamber  at  3'tO  and  lOVO 
from  the  breech  face  (See  Figure  1 Appendix  (A)),  The  Mk  1 case 
was  used  on  all  rounds  employing  the  Mk  21  primer  stock  and  the  Mk  2 
with  the  Mlc  14  and  41  stocks.  The  projectiles  were  either  the  TlEl 
or  Mk  2 with  their  weights  adjusted  to  902  grams. 

The  pressure  gages  were  of  the  expanding  tube  type  with  a 5000 
strain  gage  as  the  pressure  sensing  element.  This  type  of  pressure 
gage  has  been  used  extensively  at  the  Naval  Proving  Ground  in 
similar  applications.  Gage  signals  were  amplified  by  D.C,  ampli- 
fiers having  a flat  frequency  response  from  0 - 50,000  cps  * 0,5 
decibel  with  a gain  of  25jOOO,  Pressure  traces  were  recorded  from 
four-beam  cathode-ray  oscilloscopes  by  drum  cameras  having  contin- 
uously adjustable  speeds  from  5 ~ 1800  rpm. 

Projectile  velocities  were  determined  from  measurements  by 
chronograph  counters  of  the  time  interval  required  for  the  magni- 
tized  projectile  to  pass  between  tv/o  solenoid  coils.  Two  sets  of 
coils  were  used*,  one  set  at  60  and  120  feet  from  the  gun  muzzle  and 
the  second  set  at  63  and  123  feet.  The  velocities  recorded  in 
Table  I,  Appendix  (B)  are  average  coil  velocities  corrected  to 
muzzle  velocity, 

8,  PROCEDURE: 

The  propellant  was  prepared  as  follows:  Hydrazine  nitrate  was 

made  by  adding  the  stoichiometric  quantity  of  955^  hydrazine  solu- 
tion to  dry  C,P,  ammonium  nitrate.  The  reaction  is 

NH4NO3  + N2H4(H20)— » N2H5NO3  + NH3(H20) 

The  ammonia  and  water  were  removed  from  the  hydrazine  nitrate  at 
room  temperature  by  a water  injector  operated  24  hours  follov/ed  by 
evacuating  for  24  hours  by  an  oil  seal  type  vacuum  pump.  The  dry 
hydrazine  nitrate  vras  then  dissolved  in  a sufficient  quantity  of 
95J^  hydrazine  to  give  a mixture  of  the  follovfing  composition: 

Hydrazine  (NgH^)  57-0/^ 

Hydrazine  Nitrate  (NgK^NO^)  40.0JS 

Water  (H2O)  3.0^ 

Individual  charges  were  prepared  from  this  standard  mixture  by  the 
addition  of  95^  hydrazine  and  v;ater  to  give  the  desired  hydrazine 
nitrate  and  vvater  content, 
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In  general,  a round  was  assembled  as  follows; 

The  projectile  was  crimped  in  the  case;  the  case  volume  adjusted 
by  the  addition  of  wax;  the  projectile  magnetized;  the  propellant 
added;  and  the  primer  inserted.  The  propellant  and  primer  were 
assembled  at  tie  gun  just  prior  to  loading  the  round  in  the  gun. 

The  general  plan  of  the  tests  was  to  determine  the  effects  of 
the  various  parameters,  as  case  assembly,  ignition,  free  volume, 
and  propellant  composition  and  v;eight  on  the  operation  of  the  liquid 
propellant  system  and  to  manipulate  these  parameters  toward  a per- 
formance comparable  to  that  obtained  with  a solid  propellant  round. 
In  the  absence  of  a knowledge  of  the  specific  effects  of  any  of  the 
parameters  over  a wide  range  of  conditions,  it  was  expedient  to 
investigate  each  in  turn  over  comparatively  narrow  limits.  Specifi- 
cally, five  variations  of  case  assembly  and  three  experimental 
primer  tube  designs,  two  standard  tubes  and  three  standard  primer 
stocks  were  tested.  Free  volumes  from  69J^  to  1%  v/ere  investigated 
at  different  charge  weights  and  compositions.  Charge  vreights  from 
150  to  325  grams,  v/ith  mass  ratios  from  0,l67  to  0,360  respectively, 
were  utilized  with  the  hydrazine  nitrate  content  varying  from  11.7^ 
to  22.6^  and  water  content  from  4, to  10^. 

9.  RESULTS  AND  DISCUSSIONS; 

The  following  information  and  data  are  included  in  the  appen- 
dices; 

Figures  1,  2 and  3 of  Appendix  (A)  are  respectively  sketches 
of  pressure  gage  locations  in  the  gun,  case  assemblies  and  types 
of  primer  extension  tubes.  Table  I of  Appendix  (B)  is  a tabulation 
of  data  on  the  firings.  This  table  contains,  for  each  round,  weight 
and  composition  of  propellant,  type  and  performance  of  primer,  case 
assembly,  free  volume  percentage,  muzzle  velocity,  and  pressures  at 
maximum  and  at  ejection.  Reproductions  of  pressure-time  oscillo- 
grams for  more  than  90  rounds  are  included  as  Figures  4 through  24 
of  Appendix  (C),  These  are  in  numerical  order  by  round  number. 
Figures  25  through  30  and  Tables  II  and  III  of  Appendix  (D)  are 
summaries  of  data  in  tabular  and  graphical  forms.  In  the  discussion 
which  follows,  reference  to  rounds  by  numbers  will  in  general  in- 
volve data  presented  in  Table  I of  Appendix  (B)  and/or  the  oscillo- 
grams of  Figures  4 « 24  of  Appendix  (C), 


CONFIDENTIAL 
SECURITY  INFORMATION 


7 


CONFIDENTIAL 


NPG  REPORT  HO.  1200 


Liquid  Propellant  Program 


a.  Case  Assembly 

Four  different  case  assemblies  have  been  used  in  these 
tests.  The  chamber  geometry  produced  by  each  of  these  assemblies 
is  shown  in  Figure  2 Appendix  (A).  The  first  assembly,  C-1,  con- 
sisted of  a standard  brass  case  divided  into  two  sections  by  means 
of  a thin  brass  diaphragm.  This  was  similar  to  assemblies  described 
in  references  (c)  and  (d).  The  liquid  propellant  was  charged  into 
either  the  forward  or  rear  compartment.  Extremely  high  pressures 
were  obtained  on  rounds  v/ith  case  assemblies  C-l-a  and  C-l-b,  On 
round  2 with  case  assembly  C-l-a, the  pressure  mas  estimated  in 
excess  of  100,000  psi;  and  on  rounds  3 and  4 v;ith  assembly  C-l-b, 
pressures  estimated  at  90,000,  and  80,000  psi  respectively  were 
obtained.  The  propellant  v/eight  and  composition  and  primer  type 
for  these  rounds  are  given  in  Table  I Appendix  (B),  Viihile  the  pro- 
pellant occupied  90JS  of  the  volume  of  the  forward  or  rear  section  of 
the  case  in  these  rounds,  only  about  of  the  total  case  volume 
was  occupied  in  round  2 and  only  about  41^  in  rounds  3 and  4, 

It  was  assuiaed  that  the  high  pressures  obtained  with  the  C-1 
case  assemblies  were  largely  the  result  of  the  high  free  volumes  of 
these  assemblies.  To  tost  this  assumption,  assembly  C-2  was  pre- 
pared, In  this  assembly,  Figure  2 Appendix  (A),  the  chamber  volume 
vfas  reduced  by  the  cork  so  that  the  propellant  occupied  90^  of  the 
remaining  volume.  Using  this  assembly  on  round  5»  a maximum  pres- 
sure of  less  than  50>000  psi  v/as  obtained  with  the  same  charge  that 
produced  a pressure  in  excess  of  80,000  psi  on  round  4 v/lth  a C-1 
case  assembly, 

» 

Vifhile  the  cork  used  in  assembly  C-2  effectively  reduced  case 
free  volume,  the  expulsion  of  the  cork  with  the  projectile  v;as 
objectionable.  To  correct  this  objection,  case  assembly  G-3  was 
developed^  The  excess  case  volume  in  this  assembly  was  occupied  by 
a 50-50  mixture  of  paraffin  and  beeswax  distributed  in  the  case  as 
shown  in  Figure  2 of  Appendix  (A),  On  rounds  13,  14,  16  and  17 
utilizing  this  assembly,  velocities  of  approximately  2000  f/s  v/ere 
obtained.  On  similar  rounds  using  the  C-2  assembly  (rounds  9,  11 
and  12)  the  velocities  were  around  l800  f/s.  In  addition  to 
reducing  the  filler  material  ejected  with  the  projectile,  the  C-3 
assembly  was  more  adaptable  to  manipulations  of  case  volume  and 
charge  weights  without  disturbing  other  parameters. 
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The  C-3  assembly  v/as  satisfactory  for  charge  weights  below 
275  grams  and  free  volumes  of  10^  and  greater.  This  assembly  was 
used  in  rounds  13  through  96  of  these  tests.  As  the  charge  weight 
exceeded  27?  grams  and  at  free  volumes  less  than  10?S,  excessive 
amounts  of  wax  were  lost  from  tiie  cases  on  firing.  This  suggested 
the  desirability  of  placing  as  much  as  possible  of  the  filler  in 
the  bottom  of  the  case  and  resulted  in  case .assembly  C-4  shown  in 
Figure  2 Appendix  (A),  The  amount  of  wax  which  could  be  located  in 
the  base  of  the  case  was  limited  by  the  length  of  the  extension  tube 
of  the  primer.  This  relocation  of  the  filler  reduced  the  wax  losses 
at  the  higher  charges  and  lower  free  volumes. 

Vdiile  the  C-4  assembly  was,  in  general,  satisfactory  for 
test  firings  of  single  hand-loaded  rounds,  the  wax  would  probably, 
be  loosened  from  the  case  wall  in  automatic  loading  of  rounds.  For 
rapid  fire  tests  with  automatic  loading,  a material  having  greater 
adherence  to  the  case  wall  seems  desirable, 

b.  Free  Volume 

Results  reported  by  reference  (d),  in  which  9%  hydrazine 
was  used  as  the  propellant  in  a 60  caliber  gun,  indicated  an  unusual 
effect  obtained  with  this  propellant  as  compared  to  solid  propellant 
ammunition.  The  peak  chamber  pressure  increased  as  both  the  charge 
weight  and  loading  density  were  decreased.  Similar  results  obtained 
here  are  shown  by  rounds  I6  through  23,  In  the  series  of  rounds, 

16  through  23,  the  peak  pressure  increased  by  about  4 times  as  the 
space  in  the  case  unoccupied  by  propellant  was  increased  from  10^ 
to  near  of  the  total  case  volume  available  to  the  propellant. 

This  case  volume,  available  to  but  unoccupied  by  the  propellant,  is 
here  designated  the  "free  volume",  and  the  ratio,,  expressed  as  a 
per  cent,  of  this  unoccupied  chamber  volume  to  the  total  case  volume 
available  to  the  propellant  is  the  "per  cent  free  volume".  The  free 
volume  ratio  is  thus  comparable  to  the  reciprocal  of  the  loading 
density  as  applied  in  solid  propellant  ballistics,  Lov/  loading 
densities  correspond  to  high  free  volume.  The  use  of  the  free  vol- 
ume concept  instead  of  loading  density  in  liquid  propellant  work 
seems  preferable  since  loading  densities  greater  than  one  are 
possible  because  the  apparent  and  real  densities  of  liquid  propel- 
lants are  the  sane.  The  dependence  of  maximum  pressure  on  free 
volume  as  obtained  on  these  tests  is  shown  graphically  in  Figure  2? 
Appendix  (D)« 
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At  the  lower  free  volume  ratios  on  these  tests,  the  ballis- 
tic system  was  characterized  by  relatively  low  maximum  chamber  pres- 
sure and  low  rates  of  pressure  rise.  This  is  illustrated  by  the 
pressure  curves  of  rounds  12,  13,  14,  34-  and  36.  The  propellant 
burning  apparently  extends  throughout  the  projectile  travel  time  in 
the  gun  with  a large  fraction  of  the  propellant  decomposing  only  a 
short  time  before  ejection  of  the  projectile  in  many  cases.  The 
secondary  peaks  in  the  pressure  cycle  on  rounds  such  as  36,  114, 

119,  120  and  125  indicate  this  latter. 

The  secondary  peaks  tended  to  become  more  pronounced  and  to 
reach  a value  nearer  first  maximum  as  the  hydrazine  nitrate  com- 
position and  total  charge  weight  was  increased.  This  is  shown  by 
rounds  112  through  125*  Secondary  peaks  were  not  observed  at  free 
volume  ratios  above  30^»  On  rounds  such  as  23,  30  and  32  it  would 
seem  that  all  the  propellant  is  burned  during  the  very  short  time 
of  the  initial  pressure  rise  and  that  the  pressure  curve  after  peak 
pressure  is  that  of  the  adiabatic  expansion  of  the  gases.  Here  the 
system  is  operating  at  high  ballistic  efficiency. 

It  was  also  observed  that  as  the  free  volume  increased,  the 
amplitude  of  the  high  frequency  oscillations  on  the  pressure  curves 
increased. 

As  the  free  volume  was  increased,  ignition  time  (from  close 
of  firing  key  to  initial  pressure  rise)  increased.  Ignition  times 
vs  per  cent  free  volume  are  shown  for  representative  rounds  in  Fig- 
ure 28,  Appendix  (D).  The  long  ignition  times  and  frequent  misfires 
occurring  at  high  free  volume  values  are  probably  the  result  of  the 
primer  venting  partially  or  almost  completely • into  the  free  volume 
above  the  propellant.  All  rounds  on  these  tests  were  fired  at 
elevations  slightly  above  0“ , 

No  correlation  was  observed  between  free  volume  and  velocity, 
as  will  be  seen  in  tho  free  volume-velocity  plots  of  Figures  26  and 
27  of  Appendix  (D), 

c.  Ignition: 

Tho  types  of  primer  stocks  and  extension  tubes,  and  the 
charge  of  the  tube  are  tabulated  for  each  round  in  Table  I,  Appen- 
dix (B),  Tho  design  of  the  extension  tubes  are  shown  in  Figure  3, 
Appendix  (A),  Table  I,  Appendix  (A),  and  Figure  28  and  Table  III, 
Appendix  (D)  contain  Ignition  delay  data,  Tho  Mk  21  primer  stock 
is  a standard  40mm  stock  and  the  Iflc  14  and  I>4k  41  are  3"/50  stocks. 
Results  obtained  with  the  Mk  21  stock  wore  equal  to  that  with  the 
Mk  41  stock.  Since  this  stock  required  no  modification  to  the 
standard  case,  it  was  used  throughout  most  of  the  tests, 
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The  first  primer  tube  used,  theET-l,was  modeled  after  the 
type  described  in  reference  (d)  and  was  used  with  the  W&  21  and 
Mk  41  stocks*  Satisfactory  ignition  was  obtained  with  this  tube 
when  charged  with  20  grains  of  black  powder  (FFG)  and  0,20  grams 
of  ammonium  perchlorate. 

On  rounds  2 and  the  Mk  14  stock  and  tube  were  used, 

While  the  excessive  pressures  obtained  on  these  rounds  were  attri- 
buted primarily  to  the  large  free  volume,  it  was  thought  that  the 
comparatively  high  energy  release  of  this  primer  probably  contri- 
buted to  the  result  by  initiating  a rapid  burning  rate  or  by 
igniting  a large  burning  surface  in  the  propellant. 

The  use  of  the  I»Ik  21  stock  and  tube  on  10  rounds  (37  and 
40-48)  resulted  in  seven  misfires  and  long  ignition  delays  on  two 
of  the  three  rounds  which  were  ignited.  The  use  of  the  Iflc  41  primer 
stock  v;ithout  its  extension  tube  also  resulted  in  a misfire  (Round  6), 

The  cost  and  time  involved  in  fabricating  the  ET-1  extension 
tube  and  the  fact  that  the  tube  vented  irregularly  through  one  to 
four  of  the  longitudinal  grooves  dictated  the  development  of  a 
cheaper  and  more  uniformly  performing  tube.  The  ET-1  tube  v/as  first 
modified  to  vent  through  the  end  of  the  tube  instead  of  through  the 
longitudinal  grooves.  Satisfactory  ignitio/i  was  obtained  on  three 
rounds  fired  with  the  modified  tube,  designated  ET-2  in  Figure  3> 
Appendix  (A),  The  design  was  then  further  simplified  to  the  ET-3 
type  shown  in  Figure  3»  Appendix  (A),  This  extension  tube  with 
three  different  blowout  disc  thickness  performed  satisfactbrily  on 
four  rounds  (58  through  61).  From  these  rounds,  an  optimum  disc 
thickness  of  0y022  was  determined.  This  tube  performed  satisfac- 
torily on  approximately  80  rounds.  The  diaphragm  thickness  is  the 
only  critical  dimension  of  the  tube;  rupture  of  the  disc  at  too  low 
pressure  results  in  very  long  ignition  delays  or  misfires.  There  is 
apparently  a critical  pressure  below  v;hich  ignition  does  not  occur. 
The  cost  of  fabricating  this  type  of  tube  is  a small  fraction  of 
that  of  the  ET-1  type. 

The  relation  between  free  volume  and  ignition  is  discussed 
under  the  section  on  "Free  Volume”, 
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d.  Charge  Weight  and  Propellant  Composition: 

The  relations  between  muzzle  velocity  and  charge  weight 
(or  mass  ratio)  for  different  propellant  compositions  are  shown  in 
Figures  29  and  30  of  Appendix  (D),  While,  in  general,  velocity 
increases  with  increase  in  charge  weight,  there  is  some  evidence 
from  these  plots  that  a charge  weight  is  reached  above  which  no 
increase  in  velocity  is  obtained  and  that  a velocity  drop  will 
result  if  the  charge  is  increased  further.  The  charge  weight  at 
which  this  occurs  would  seem  to  be  a function  of  hydrazine  nitrate 
and  water  content  and  free  volume  ratio. 

The  results  of  increasing  the  hydrazine  nitrate  composition 
of  the  propellant  were  to  increase  maximum  chamber  pressure,  muzzle 
velocity  and  the  burning  rate  of  the  propellant.  As  the  hydrazine 
nitrate  was  increased,  it  is  also  to  bo  noted  that  the  tendency 
Increased  for  secondary  peak  pressures  to  occur  and  for  the  relative 
amplitude  of  these  to  approach  that  of  the  first  pressure  peak.  At 
hydrazine  nitrate  concentrations  of  around  12^,  round  36,  with  a 
charge  weight  of  350  grams,  was  the  only  one  which  produced  a sec- 
ondary peak.  As  the  percentage  was  increased  to  15,  I8  and  22,6jS, 
secondary  peaks  appeared  more  frequently  and  more  closely  approxi- 
mated the  amplitudes  of  the  first  pressure  peaks. 

The  water  content  of  the  propellant  used  in  those  tests 
varied  from  4,3JS  to  10^  with  the  majority  of  rounds  at  approximately 
6.0^  and  10%,  Increasing  the  water  content  increased  the  ignition 
time,  decreased  the  burning  rate  and  velocity  and  produced  smoother 
pressure  curves.  The  benefits  of  this  latter  effect  was,  however, 
more  than  offset  by  the  adverse  effect  on  the  ignition  time  and 
rate  of  burning, 

e.  The  40mm  Round 

A muzzle  velocity  of  the  order  of  3^00  f/s  was  obtained  with 
310  - 325  grams  of  22.6^  hydrazine  nitrate,  72,9%  hydrazine  and  4,3^ 
v/ater  at  1%  free  volume.  This  exceeds  by  150  f/s  the  velocity 
obtained  with  the  standard  solid  propellant  round  in  this  barrel. 

The  mean  velocity  on  10  rounds  (125  - 134)  with  a charge  of  325  grams 
was  3008  f/s  with  a standard  deviation  of  6l  f/s  or  2%,  For  9 rounds 
(135  - 143)  with  a charge  of  310  grams  the  mean  velocity  was  2968  f/s 
v/ith  a standard  deviation  of  71*5  f/s  or  2,4^,  The  combined  unbiased 
standard  deviation  for  the  19  rounds  was  70,1  f/s  or  2.3^, 

The  maximum  case  pressures  for  these  rounds  was  of  the  order 
of  18, S tsi  copper  and  comparable  to  that  obtained  with  the  standard 
solid  propellant  round  for  the  gun. 
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On  the  basis  of  these  tests,  service  velocity  of  the  40mm 
gun  can  be  exceeded  by  150  f/s  with  no  increase  in  chamber  pressure 
by  the  use  of  monopropellant  hydrazine.  This  v;as  accomplished  with 
only  two  modifications  to  existing  ammunition  components*  (1)  re- 
duction of  the  case  volume  by  the  addition  of  a filler,  and  (2)  the 
use  of  a special  primer  stock  of  simple  design.  The  velocity  uni- 
formity obtained  on  these  tests  was  well  belovr  solid  propellant 
performance,  but  is  considered  good  for  the  present  state  of  develop- 
ment of  liquid  propellants  in  guns, 

f.  Liquid  Propellant  Charges  for  Other  Navy  Guns* 

The  approximate  hydrazine  service  charges  were  calculated 
for  several  Navy  guns  and  are  presented  in  Table  II  of  Appendix  (D), 
The  basis  of  these  calculations  were  the  results  from  the  20mm  gun 
presented  in  reference  (d)  and  from  the  40mm  obtained  at  the  Naval 
Proving  Ground,  Assumiiig  a propellant  composition  having  a density 
near  1,1,  the  free  volume  for  the  charge  and  the  charge  for  lOJ^  free 
volume  Y/ere  calculated.  Only  in  the  20mm  gun  would  the  charge  pro- 
duce a free  volume  near  lO^j  for  all  other  guns  for  which  calcula- 
tions were  made  the  free  volume  would  be  of  the  order  of  35  to  40jS, 

If  a lOJi  free  volume  is  concluded  to  be  the  maximum  required  or 
desired,  it  appears  that  the  chamber  volumes  of  most  Navy  guns  in 
use  today  are  25  - 305^  larger  than  required,  or  desired,  for  liquid 
propellant  ammunition. 


PART  D 


CONCLUSIONS 


10,  The  following  conclusions  are  made  from  the  results  obtained 
on  these  tests* 

a.  The  service  velocity  of  the  40mm  gun  can  be  exceeded  by  as 
much  as  150  f/s  by  the  use  of  the  monopropellant  hydrazine  without 
exceeding  the  chamber  pressure  of  the  solid  propellant  service 
charge, 

b.  The  performance  of  such  a liquid  propellant  round  is  of 
sufficient  uniformity  to  be  used  in  studies  of  gun  erosion. 
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c.  Only  two  modifications  to  standard  40mm  ammunition  compo- 
nents are  required  for  the  round  developed  in  these  tests.  The 
case  volume  must  he  reduced  and  a special  type  of  primer  extension 
tube  used, 

d.  The  wax  used  in  these  tests  to  reduce  the  case  volume  is 
not  a completely  satisfactory  filler.  A material  which  adheres 
more  firmly  to  the  case  wall  will  bo  required  for  automatic  loading 
of  the  round.  Erosion  studies  under  rapid  fire  conditions  are 
dependent  on  a satisfactory  solution  to  this  problem, 

e.  The  prospects  of  obtaining  a uniformity  of  performance  for 
the  monOpropellant  hydrazine  comparable  to  that  obtained  with  solid 
propellants  are  encouraging, 

f.  Based  on  the  charge  determined  for  the  40mm  gun  on  these 
tests  and  the  available  data  from  other  sources,  the  chamber  vol- 
umes of  most  Navy  guns  appear  to  be  25  to  35/^  larger  than  required 
for  liquid  propellant  ammunition, 

g.  Ignition  of  the  propellant  is  affected  by  primer  config- 
uration and  charge,  propellant  composition  and  free  volume  in  the 
case. 


h.  Increasing  the  free  volume  in  the  case  results  in  delayed 
ignition,  Increased  burning  rate  and  higher  peak  pressure, 

i.  An  increase  in  the  hydrazine  nitrate  content  of  the  pro- 
pellant is  accompanied  by  an  increase  in  burning  rate,  chamber 
pressure  and  muzzle  velocity,  and  the  production  of  secondary 
pressure  peaks, 

j.  An  increase  in  water  content  of  the  propellant  is  accom- 
panied by  an  increase  in  ignition  time,  decrease  in  burning  rate 
and  velocity,  and  a smoothing  of  the  pressure  curve. 


CONFIDENTIAL 
SECURITY  INFORMATION 


14 


CONFIDENTIAL 


NPG  REPORT  NO,  1200 


Liquid  Propellant  Program 


The  tests  upon  which  this  report  is  based  were  conducted  by* 
G.  L,  POIJDRIER,  Chemical  Engineer 

Interior  Ballistics  Division 
Armament  Department 
K.  H.  CRUTCHFIELD,  Chemical  Engineer, 

Interior  Ballistics  Division 
Arm,ament  Department 

Instrumentation  by  Armament  Laboratories  Division 
Armament  Department 

This  report  was  prepared  by: 

G,  L.  POUDRIER,  Chemical  Engineer 

Interior  Ballistics  Division 
Armament  Department 

K,  H.  CRUTCHFIELD,  Chemical  Engineer 

Interior  Ballistics  Division 
Armament  Department 

This  report  was  reviewed  by: 

S,  E,  HBDDEN,  Head,  Research  and  Development  Branch 
Interior  Ballistics  Division 
Armament  Department 

D.  C,  CAIN,  Head,  Interior  Ballistics  Division, 

Armament  Department 

L.  C.  KLINGAMAN,  Commander,  USN 

Armament  Officer 
Armament  Department 

N,  A,  M,  RIFFOLT,  Assistant  Director  of  Research 
Ordnance  Group 

C.  C.  BRAMBLE,  Director  of  Research,  Ordnance  Group 


APPROVED:  J.  F.  BYRNE 

Captain,  USN 

Commander,  Naval  Proving  Ground 


E.  A.  RUCKNER 
Captain,  USN 
Ordnance  Officer 
By  direction 


CONFIDENTIAL 
SECURITY  INFORIIATION 


15 


CONFIDENTIAL 


Pro  j^ect  No,  s 

Copy  No, » 33 

No,  of  Pages: 


NPG  REPORT  NO,  1200 

U.  S.  NAVAL  PROVING  GROUND 
DAHLGREN,  VIRGINIA 


First  Partial  Report 
on 

Liquid  Propellants  For  Guns 


First  Partial  Report 
on 

Liquid  Propellant  Guns 


NPG-Re2d-12-l-53 

NPG-Re5a-39-l-53 

15 


Date* 


NOV  131^ 


CONFIDENTIAL 
SECURITY  INFORMATION 


St 


I 


_J2 

UJ- 

9> 

ij- 1 
03 

a 


z 

Q O 

z 

ii 

o 

J— 

o > 

o 

llJ 

o 

<0 

^ O 

z 

^ »- 

< 

> <0 

-J 

O -: 

_J 

UJ 

0. 

<“ 
> cc 

o 

a: 

a. 

< o 

a 

^ ce 

tn  uj 

3 

O 

Z>  H 

_J 

z 

N- 

CJ 

00 

CVi 

(0 


m’9«<a828 

U.  S.  KAVAL  PRWHr,  GKOOro  COWIDeNTIAl 

nffKRIOR  BALUSncS  Division 

Liquid  Prop»ll«nt»  Ssotloa 


SKETCH  OF  40  MM  CASE  ASSEMBLIES 


c-i 


Propelljnt  h«ld 
in  r«ar  portion 
of  0*M 


0-1-bi  PropoUjint,  hold 

In  forwrd  portion 
of  e«M 


C-£ 


■R.  1 Cam 

■k.  21  prlanr 
•took 


r-i-\  77  V V T7^ 
' / 

s==» 

/ c-orK  ^ 

PAdjec^’»tr 

VASC 



C-3 


3-» 


NP9-62829 


( 


) 


CONFIDEimAL 


U.  S.  NAVAL  PROVING  GROUND 
INTERIOR  BALLISTICS  DIVISION 

Liquid  Propellants  Section 


SKETCH  OF  EXTENSION  TUBES 


ET-l 


.470-36NS-2  ' ,1 

MaJ.Dia.-?47dO  I I i . 

Plt.Dla.-?4497  I I 

Min. Dla. -74317  , ' I ,BT-2 


ET-3 


0 * rs 


1 


as  g 

is  i 

af5  S 


/,*§  -3 

4 3 


a|- 

i 

r 


r ■ 


^ II 


a Jji  t-  ^ 


5 i’3 

S ' 

d .^^.,.S. 
ll  f..  " 

l!  .t.. 


__  t 

fl 


£■ 


ll  §■ 


e e 

s'  s* 


|]  Ht 


«•  • 

ht' 

ai.. 

Rb  ■ 


I” 

RR. 


li 

:s 
? '8  • 

h 


iif 

II 

I 


Ilia 

r a'  S'  a 


k 'IH. ■■■>.. 


1 U U 0 ». 

1 OOA.OA. 

• AOO 

o*<  « 

1 1 00 

t 1 

1 0 1 • 0 > 1 

«5  N «e  0 A 

N 0 M ^ O'  N M «<VA 

N A 4v 

ot» 

. '1*. 

g O'  A 0>^' 

A 0"0  O'  O'AO'^g 

O'  'f\  * 

4» 

a » 

. ^ *4  A O'  r> 

O'*'4C~0'  . O'Q'AO'A 

. *4^0 

cc, 

A(» 

rl  N ri  N N 

fHP3W4  '4<VP\'4A 

O'yHH 

rtA 

' P3 

gg|g| 

,l35,lgSI3 

. gg 

gg. 

.gg 

< ^ 1 i § 1 1 

«4'04 

“'a 

aa 

«>'4 

•4  «4 

issis 

■gSS'gSIII 

• 

gg' 

•gg 

•i'^g^  • 

v.c-'oga 

j^O'P3  0»«J<A*4'4 

pg  *4 

gggsl 

'lig•gsg§l 

■|gi 

gg- 

•gg 

••1 

•!••«■  • 

S3R  RS'RR^ 

as 

<t 

s s 

1 

«!. 

.sgg.gggis 

.m 

gg. 

.gg 

A 

t t 

.g..g.  , 

aa'as?? 

r'pr  Rsasf3' 

5tSa 

4*S 

1 

8'  a 

•mm  Eiii'iiiii 

•igi 

ii- 

•II 

. •! 

•§••§,  , 

A 

««  N ” 

• 

* fiN 

• 4 • • 4 • • 

XVH  O' 

N N 00000 

0000 

• ®.®. 

OOOOOOOOO  0 

WWN 

n« 

S I I ? I 

^3  3-  « a 

i ^ 

5 3 

(9*.  t Uft,»,UC»(9  * I I h.e.(L,  g A.A,  I A.*.m  I fcA. 


9t<0  «D<A<0h>t>^  ^9>|A«0  ’ >0  4 ' t^‘S'4  * 


°I®  j/T^.  *1  Opj^orj  I *t®  I®*  o**r* 

HN  NiS*H(vr>  ’4*^"  * *5"  'nNpI'wpJ 


§§*§  ,.ggs  gg.iJi.ig 

jjg-  ^|g-  „v 


'g'ligp.s  i»g' 

PN  (O^W?W?>^>4  ■a‘w?<4 


§g' SSS ’ e 

H H 


..  -8SS|"SII  igg'83§-|- 

5S  RRSRRS  RSR3*  RR«  *33  s|S  R 

.l.glP.P,  SSS.1..I8I  iSS.3l8.Eg 

* RR3RRR  3»R  a RR5  353  s5a  Ra 


ooo^ 

s 


OOOOOOOO 


ii  m 

I * 

_ *>  SI  _ 


-*P>  r»<^«4 


t • 

3 I 

i!’ 


u . -a  -a 
3‘l.r”  3 

' 4R6 


I |!  SA  S.  , .8. 

! 'I, 


I U 


* Q • I r-  ■ ON  o O Q ■ 


:S  fl 


I I aa  « a a'aa'  a 


II 


*'aT'  > 

: 


'‘2.  a“ 


ll 


I i 


’ z 


3 3 

* 


i. 

• - • - - • • fit?-  “ - - 

- - - • fiC-  • - ■ - 

■ • ■ ■ ■ 4 1 

V>  1 

■E 
•9 


*?  T 7? 

■ U-U-Utj. 


. tT. 

eis 


»• 

■ aa’ 


5 * SSS2-8S % 

aasas3E2SR  3»S3S«ksrr  rrr«  rrkrr3  333433535* 


■ S8 


»•  (<{  9>  0. 0> 

PltpPFilC 


3 0<«  0^0 

ssfisas 


S, gs  SfigS--”S8 

aRXRRRRRS  3334S451SR  RRP^RRRRRR 


10»1J0 


\Mpil 


M S 

333  3 


• »»« 

I ssl 


r'<o«Ar'  •A<d 


HIS.S.iSg  .S.g 
s;i»a  4 sas'  » s 


§8^g§g.S8iS  .S.SStol. 
aiaasi  aaa  a‘a'*s3^ 


.SS  S..I^.SiSIS  i3,,Si.... 

RK  S R R?RRa  ?5  R? 

SISS3glSS3  Is.iSl 


. ■*'gi£  Si3S8S..e.  R.S888E.8S  8S3S.3.§Sg  .3.S§?I8: I 

4 a\a  ;faa”a3  4 4"  •"'^sa  ••-'  s4»a'  4 aaa'  » rrIs"''? “ 

I'  °|  SB  ^.  ......  . 

I s'gst  §3883a.i8.  8>r38§S.8£  88^gS8iS8g  .gigg|4Rl.  ....^ 

I ad|  4S4‘""“  a a '-'‘'-‘aa  aa'aa’si  a'aa  ' 

§S!^c§&|i§i  iSiiSi.,..  ..........  ... 

II  53:3Rl^^Z  3 3 38(5^3  RR  SI  R |5  r| 

•il  S§?  g»2gss!,8.  g.SgSSg.Si  SISSSsIsS*  [s.Sal 

4£'s3|  ft  i sir  j*r  ct«4 - 

igiiiii'g'  l•l§l§3l§l  i^siiii§gg  iifiggiigg  %u 


S I- 

a| 

i S5 

aaasi  35 

ff- 

4C 

h,\- 

f1- 

]‘”l 

t 

Ks|- 

....! 

3 — 

1 

e 

nno- 

0 »>«  O'  o> 

O'  e»«^f 

g s: 

0r*0'ar*  OH  9> 

r> 

I#,  w r.N 

” ” 

0 

oe 

00  0 o<rv«e 

. ®..  <J- 

9<€'n 

oeo 

«o>ON  to  0 nto  0 

ft  " 

■ ■ ■ aa”  ■ 

* 'ftSSRSift??* 

S R 

a)^e■/v 

AtfXH 

ij\ 

0 

......  7. . . 

V.... 

.... 

t s n 
li  SSSSrSS- 
"3^  S 


-9-S-3--5S 


o o w o8 


-SS^-S  S^SrS- 


_ o o •on  o oo  o •o 

H <->  HH  wi  H N 


SSkSSSS""  38g3”g-''  '^-S-S'-SS  3""‘S83g8  S3rS8‘ 


8a»4»*6seg  gRR*R#R»j;|  |8S|s«|5ga  gasagaggag,  ggsgsgsgsg  33332*5553  333 


CONFIDENTIAL 


NPG  REPORT  NO.  1200 


Liquid  Propellant  Program 


PRESSURE-TIME  OSCILLOGRAIilS 


Gun: 

4-Omm,  Mk  1,  Barrel  No,  14934- 

Case : 

Modified  Me  1 and  Mk  2 

Primer: 

Special  Designs 

Propellant: 

Hydrazine,  hydrazine  nitrate,  water  solutions 

Trace  #1: 

Forward  chamber  pressure  gage 

Trace  #2: 

Rear  chamber  pressure  gage 

Trace  #3: 

Prooectile  ejection  time 

Trace  #4: 

Time  of  close  of  firing  key 

Trace  #5: 

Reference 

CFK: 

Close  of  firing  key 

E: 

Ejection  time 

Timing : 

One  millisecond  marker 
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